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SURFACES OF AN AIRPLANE--II.

By F. H. NORTONand D. L. BACON.

SUMMARY.

This investigation was undertaken by the aerodynamic staff of the National Advisory
Committee for Aeronautics at Iku@ey Field in order to determine whether the results obtained
upon model tail surfaces can be used to accuratdy predict Ioads upon the full-sized tail; and
also to fid the distribution of load -whenlarge elevator angles are used, as the loads from such
angles can not be obtained readily in free flight. The method consisted in using a metal
horizontal taiI surface inside of which small air passages, connecting with a series of holes in
the surface, led the pressure off from the tad in rubber tubes. In @ way the pressure at
each of these holes was measured by a manometer at se-reraI angles of attack and several
elevator settings. The results show that the model tests give a loading w@h is equivalent
to the loading under similar conditions in the full-sized airplane and that he manner of dis-
tribution is quite similar in the two cases when there is no sIip stream.t

INTRODUCTION.

The only work which has previously been done on the pressure distribution on model
tail surfaces is given in the tit two referencw below, the remaining references applying ody
to the forces on model tails. The scope of the present investigation comprises the determina-
tion of the distribution of the pressure over two separate tad planes, modeIs of the tail planes
used in National Advisory Committee for Aeronautics Report No. 118. The tad planes vrere
tested on a fifteenth scale model of the JT?4H, and runs were made at various angles of attack
and eIevator @es to cover all conditions that might occur in flight.

References:

“The I)ietribution of Pmsure Over a Tail Ptie-” Bulletin of the Airplane Engineering Dh%ion, Decem-
ber, 1919.

“Experimentson the Effect of Altering the Pcaition of theHing= of the EIevatomforthe B.E.2C Aeroplahe.”
Britieh Advisory R. & M. No. 254.

“Prwure Distribution Over the TaiI Plane of B2C, Part I,” R. & M.’No. 661..
b’F1_druckmemmgen.” Techrkhe Berichte, vol. 1, No. 6, October, 1!317.

. .

“Systematishe Versuche an Leit werkmodeIlen.” Technische Bericbte, VO1.I, No. 5, August, 1917.

APPARATUS AND “METHODS.

A model was constructed in the usual manner with aluminum wings and wooden fuselage,
the scale beirg one-fifteenth in order to make the size of the tail phme sufficient to allow huge
air pass~mes. This model was supported in the center of the tunnel on a spindle from the
N. P. L. balance so that it couId be easily rotated to any angle of attack. & the forces on the
model were considerable, the upper wing tip was firmly supported by three wires running to
the side of the tunnel, but still allowing free rotation.

The tail planes, @gurm 1 and 2, were made of brass by W. Cad Se@, instrument maker
at the Massachusetts Institute of Technology. The sections were one-fdeenth that given for
the taiI surfaces in Part I. within O.OO3inch. Figure 3 shows their method of construction,
which consisted of soldering together two plates which had already been grooved for the air
passages. In order to prevent this solder from closing up the air passages ahirninum wires
were placed in them during the solderimg. This soldering was so well done that there was
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no leakage between the adjscent passages in any casa, In order to save time it was desired to
take a number of readings simultaneously; so that “i separate connection was made to each air
passage by means of fine rubber tubes nbout I mihneter in diameter leading to the multiple
manometer as shown in figure 4.

The multiple manometir used for reading the p&mres in this investigation is shown in
figure 5 and consists”simply of a reservoir of large area which is Adjustable vertically, and a
series of inclined tubes each having its corresponding scale. The two outside tubes am con-
nected back to the reservoir so that they will read at all times the level in it, thus giving a
pair of zero readings with which to compare the var@s heads.

When ready to make h test all of the holes in the tail plane were covered by strips of tissue
paper which had been coated with paraffi. These strips of paper were applied over each row
of holes with a hot iron, making a very smooth and tight joint without danger of plugging the
air passages, a trouble that was encountered in previous tests. The whole system was then
tested out for tightne~ by applying a small pressure to the reservoir in the gauge, and if this
pressure was held it was proof that there were no-leaks. After this tast the strip of paper was
removed from a single row of holes and the tunnel was run at a steady speed of 40 miles per
hour. The prassures on the tail were compared with the static pressure in the tunnel by con-
necting a static head, which was placed n&w the model in the ~urmel,
manometer.

*essure holes,
Sof+ bras ph.

Air possoge.

A?27h@ W CONSTRUCTING
F/ti3. TAIL 5URfACY..

.,

to the reservoir ‘of the

The readings of pressure obtained were converted into vertical inchw of tiater, and the
plotting of the results carried out in exactly the samewgy as for Part 1, excepting that the scale in
this case was somewhat increased because the pressuresread were considerably smallerthan those
obtained on the full-sized tail plane. It was not thought worth while to determine the position
of the center of pressure on the model tail plane, as it was easier to find the moment about the
center of gravity of the machine mechanically than it was to find it by the integrated pressures.

PRECISION OF RESULTS.

The heads of water as computed maybe considered precise to 0.005 of an inch and the areas
measured with a precision of 0.01 of a square inch, which is the same as for the full-flight tests.
These model wts, however, do not have the errors which were inevitable in the full-flight tests
due to varying atmospheric conditions, so that the evenness of the results from the model tests
may be considered quite superior to those obtained in free flight, and this is evident by the
smoothness and regularity of the load curves.

,

SCOPE OF THE TESTS.

Two horizontal tail surfaces were used in this investigation, being one-fifteenth scale models
of those used in Part L Each tail was tested at the folowing angles of attack of the tail piano
of the airplane: –-2°, 4°, 10°, 16°, 2(3°. At each angle of attack the elevator was placed at -15°,
– 5°, 0°, + 5°, + 15°, +-25°, dl in respect h the tail plane. It &ould be noted that in this report
a positive elevator angle is taken when the trailing edge is pulled up. In order to dctermi,ne
the effect on the model of closing the crack between the elevator and tail plane the pressuredis-
tribution was taken along one row of holes. In the same way the effect of giving the tail plane a
more positive angle of 20 was determined.

DISCUSSION OF RESULTS.

In @res’6 to 65 are shown the distribution of pressureover the two tmilplanes under various
conditions of angle of attack and elevatm setting. The most prominent characteristic evident
on the JN4H tail is the region of marked down load at the outer leading edge for small angles of
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FIG. L-MODEL OF JN4H TAIL SURFACE.

.
FIG. 2—MODEL OF SPECIAL TAIL SURFACE.



FIG. 4.—PRESSURE DISTRIEUTION
MODEL SET UP IN THE TUNNEL,
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attack and especially when the elevator is puUed up, a region of down load at the outer e~me
of the elevator due to the positive rake of that member. On the other hand, -whenthe elevator
is pulled down there is a sharp up load at the outer edge of the whole tafl plane. In contrast to
this, the special tad plane does not show a very h&h loading at the outer tip and the general
distribution is more even along the span.

Turn@ nom to &gures 66 to 77, which ‘show the load on the tail in cubic inches of -water
along the chord, it is seen that there are two distinct regions of high load, the fist region behg
at the lea~g edge and the second just behind the hinge. It wilI be seen that the region at the
lead.@ edge varies makdy with the angle of attack whiIe the region on the elevator varies
mahdy with the elevator eett&, although each one is sIightly affected by the other. The region
of high loa~~ on the elevator is much more concentrated and protioticed on the speciaI tail
plane than it is on the other.

By mak@ the =umption that an airphme will retain its -mbcity for an instant after
pulling up the elevator sharply, we may compute the loads that mill arise on the full-scale tail
plane in accelerated flight. For example, from figge S1 the load on the model tail at 0° attack
and 0° elevator is 1 cubic inch. As this corresponds to 100 miles per hour full scale, the load on
the tail will be 51 pounds, or about 1 pound per square foot, which checks ~ery weIlwith the value
actually obtained in fti ~~ht of 0.97 pound. If the elevator is pulled up to 25° while the same
speed is maintained the load, from the modeI curves, is increased nine ti or to 459 pounds,
-whichgives a load@ of 9 pounds per square foot. The load encounkred here is not la~e, even
for the severity of the conditions, and it is inter.=t~a to compare it with the load factor of 5.5
for the wings as determined under identical conditions.’

A run was made on the JN4H horizontal tail surface with the crack between the elevator and
tuil plane closed up with w&Y,and another run vvasmade on the same tail surface with the tail
plane angle changed by 2°. As these chsqys, however, made no appreciable eflect upon the
distribution of pressure it was not thought worth while to include the curves of the results.

STABILIZING AND CONTROIJJNG pllOP=~S OF TEE TAIL SURFACES.

In flggres 78 and 79 there are plotted the loads on the tail plane of the two tail ‘surfaces for
various angles of attack and for various elevator settings. An etident fact is that the force on
the special tail plane when the elevator is set at + 5° creases the curve for zero ele~ator at ~uh
angles and the force with the elevator down —5° is @so very close to the force when the elevator
is at zero. This ali cor&ns what has been found jn full flight, that the controlling effect of
this tail surface is very poor. This is probably due to the fact that the tail is so thick and the
elevator so small that a apdl movement of the elevator does not influence the flow passing over
the forward tail phme surfaces. This leads b the conclusion that a tail should iIot be made of
such a thick section, altho%~hmore tests shotid be made before this statement can be considered
conclusive.

In tlgure SOthere is plotted the force on the ebvator alone for various M@es of attack and
elevator settings. It is evident that the force on the special tail surface wmies slightly with
the angle of attack; the force, however, seems to be almost exactly proportional to the angle of
the ele-rater. On the JN4H tail, however, the force changes guite markedly with the angle of
attack and chimges e-ien more than for the special tail when the elevator angle is changed.

~ am= S1 ~d 82 there are plotted the curves for the totaI load on the.tail surface, which
is simply the summation of the pretioue curves. It will be noted that the slope of the curvgs
for the special tail is considerably greater than for the JNQI tail, the former giv@, as would be
expected from its greater =pect ratio, about 13 per cmt greater force than the other for a given
ch~ge in angleof attack. A change in angle of attack of the vrhole surface of 1“ has about the
same effect on the total ioading as a change of 1~“ of the elevator.

In fi=gure83 there are plotted the pitc~~ moments of the complete airplane for each tail
plane and also for the wing cell, and the wing cell phIs the fuselage and Iand@ gear. AU of
these moments were taken about a center of gravity position which %8s 3.8per cent back on the

1Accelemtiom LoFlight. N-.A. C. A. Report h-o.99.
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mean chord, which is about the standard position for the fti-sized airphme. It will be seen
that the moment curvcx.for the wing cell alone are unstable up to about 16°, beyond which
they are stable, which is typical of a biplane of this type. The curve of moments for the wing
cell with the fuselage and chassis attached lies remarkably close to that of the wing cell alone,
showing that these members have an inappreciable effect on the total moment of the airplane.
Turning to the moment curvw for the completa airplqne it tit fist seems rather surprising that
they. all show a region of instability at angles lower thin. 4°. If it is remembered, however,
that the models were tested under conditions of locked controls, it will be seen that the stability
is almost identical with the full-flight tests. This briggs up the question of why rm nirlptmc is
more stable with free than with locked controls under certain conditions. This does not seem
reasonable, m in the latter case the effective tail area is much @eater. A possible explanation
is that the weight of the elevator itself changes the ccmfiguration of the t~il-plane section. At
any rate, all wind-tunnel models should be tested with both free and locked elevators, the free
elevators having a weight proportional to the full-scale ones.

It was found by the British 2 in model and free-flight tests on elevators that the efficiency
of the latter was greatly increased by the use of a negative rake. The reason for this, which
was not clear at that time, is shown by a study of the pressuredistribution on the two ttiih.
The JN411 tail (positive rake) shows a very h@ loading rdong its outer edge due to its action

The o~her tail, however, with a negative r~ke shows that this load is trans-as a leading edge. _
ferred to the tail plaine, so for a given controlling effgct there is much less load on tho movable .. _.
portion.

COMPARISONOF FULL-FLIGHT TESTS WITH MODEL TESTS.

The principal reason for conducting these model tests was to determine whether the lends on
. the full-sized tail plane could be accurately predict~d from the results obtuincd on the model.
Unfortunately, however, tbre me few cases where a direct comparison may bc made. First,
because of the slip stream on the full-sized airplane, and, second, because the elovnkm nnglc
is not known ta better than 10 at high speeds, and perhaps not better than 3° at the very low
speeds on the full-sized airplane. In figures 84 and S5 there are plotted for comparison h ● .
model and full-fight tests to equivalent scales; that is, the model tests have been multipliml
by the ratio of the speeds squared. These conditions were chosen because there was no slip
stream in the free-flight cw. A careful examination of these figures will show that tho agree-
ment between the two cases is quite disappointing. While the tendencies of the curves are
the same in a great many cases it is quite evident that the assymetry of the full-flight tests
even when there is no appreciable slip stream is quite large. The lack of agreemcn~ of tho
pressures on the elevator may be due to the fact that the elevator setting was not exnctly tho
same in both case%

Probably a better comparison can be had between the model and full scale by comparing
the total load, as has been done for the two tail planes in figure S13. The fuL1-scaIeresults were

. taken when there was no slip stretim. The corresponding curves show a fairly good agmcmcnt
except at low speeds with the JN4H tail, where the.elevator was turned to a large angle. ‘1’hc
discreprmcies that do occur can readily be accounted for by the lack of agreement between the
elevator setting in corresponding cases. & the normal movement of the eleyator in flight
is only u few’ degrew, an error of one da=meewill greatly affect the loading.

CONCLUSIONS.

Within the error of comparison, the model tats will give the tail load experienced. on the
full-sized nirplane in shady flight and without slip stream. “ The sttibility of the model com-
pares closely with that of the fuu-sized airplane if care is taken to make the conditions ident.ical.
The results einphasize the deeirabihty of using a tail surface of high aspect ratio, of not toti thick
a section, and with negatively raked tips. If the comparison is assumed to hold good between
model mid full size for accelerated flight, the tail load,.on a JN4H with standard tail would
amount to 9 pounds per squar~ foot ~~-hensuddenly pulhng OUt of u 100 mile per hour dive.
.—— —— ———-——..

~BrlUshAdvisory Committee. R. & M. W T. S25,T. Ill&
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